The Red River (Vietnam and China) is a good example of a large Asian river basin, strongly impacted by climate change and human activities. Previous studies showed the increasing influences of human activities and climate on hydrology and suspended solids transfer of the Red River. In this study, using the Seneque/Rivershtrahler model, carbon transfer and outgassing from this river under natural and human pressures were calculated for the present and prospective scenarios for the 2050s. The results showed that the model successfully simulated seasonal and temporal variations of carbon concentrations of river. A riverine organic carbon (OC) export of 327 GgCyr-1 for the year 2014 was calculated for the Red River at Son Tay site. Due to the high allochthonous OC inputs from both point and non-point sources, the Red River system is a heterotrophically polluted system. The 2050s scenario results showed that an increase of 24% in OC concentrations for the whole Red River in the future will occur in response to large increases in the urban populations and that this system will remain a strong source of CO2 to the atmosphere in the future. 
INTRODUCTION
Tropical rivers which contribute 66% of freshwater outflow, 73% of sediment loads and approximately 61% of terrestrial net primary production, have a critical role in the total global fluvial carbon flux (Huang et al., 2012) .
However, for many large Asian rivers, river water discharge and sediment loads have been altered dramatically over the past decades as a result of reservoir impoundment, land use, population, and climate changes. It is known that changes in land use (deforestation and agricultural intensification) have resulted in accelerating soil erosion (Tian et al. 2014; Vanwalleghem et al., 2017) , leading to increase in sediment loading (Bagalwa et al., 2015) whereas reforestation and dam impoundment can significantly reduce sediment loads (Lu et al., 2015; Strehmel et al., 2016) . The changes in sediment loads of these HIGHLIGHTS » The Seneque/Riverstrahler was successfully applied to the Red River system » Riverine OC export of the Red River at Son Tay site was 327 GgCyr-1 in 2014 » The Red River is a strong source release of CO2 to the atmosphere » OC both point and non-point sources contribute to high heterotrophic situation of the Red River river systems may affect their carbon fluxes to estuaries, coastal regions and even continental shelf areas (Galy et al., 2015; Tamooh et al., 2014 
METHODOLOGY

The Seneque/Riverstrahler
Model
The Seneque/Riverstrahler model (Billen and Garnier, 1999 ), a biogeochemical model (RIVE) of in-stream processes embedded within a GIS interface (Seneque), providing a generic model of the biogeochemical functioning of the whole river systems (from 10 to >100,000 km2), is designed to calculate the seasonal and spatial variations of water quality (Ruelland et al., 2007) .
The model uses drainage network morphology, meteorological conditions, and land-use, point, and non-point sources, to calculate geographical and seasonal variations of the water quality variables at a 10-day time step (Figure 2 ). It was developed for describing nutrient transfer in large drainage networks in France , central Europe (Garnier et al., 2002) , in Belgium (Servais et al., 2007) , in Viet Nam (Le et al., 2010) . Recently, the model has been adapted to investigate the transport of FIB in France (Ouattara et al., 2013) and in Laos (Causse et al., 2015 
Data Collection
The Red River: The three major tributaries: Thao, Da, at 720 ± 159 m3. s-1; 1670 ± 284 m3. s-1; 1020 ± 227 m3. s-1 and 2500 ± 477 m3. s-1 respectively (MONRE, 1960 (MONRE, -2015 .
The details of hydrological changes for the long-term period 1960-2010 was presented in Le et al (2015) . There are four large reservoirs in the Red river basin in Viet Nam: The Hoa Binh and Son La across the Da River; the Tuyen Quang and Thac Ba across in the Lo River. Their characteristics were presented in .
Land use: The forest area in the Red River delta has been quite stable for several centuries but the deforestation in the plateau and mountainous regions dramatically accelerated during the war years (the 1970s), followed by a period of rapid population growth and economic development (the 1990s). Economic development and structural change lead to considerable changes in land use with the expansion of planted forests and urbanization at the expense of rice paddies, mangroves and other non-production forests, and shrublands ( Figure 3) . Red River basin . The riverine OC export of the Red River at Son Tay site, estimated from the calculated OC concentrations and river discharges for the year 2014, was 327 GgCyr-1, equivalent to 2200 kgCkm2yr-1. This value was very close to the ones observed in 2008 (Le et al., 2017a and some Asian rivers such as the Yangtze, the Pearl and the Luodingjiang Rivers (China), the Godavari River (India), but much lower than the Ayeyarwady-Thanlwin River (Myanmar) ( Table 1 ).
Using the model, the rates of primary production P and respiration R in the Red River for 2014 were
The GIS land use coverage information and the OC concentrations in small rivers, streams, and ditches drain of homogeneous land cover types were used to characterize OC concentrations in surface runoff and in base flow (Baric and Sigvardsson, 2007) . Field sampling, laboratory analysis, and statistical analysis have been presented in (Le et al, 2017 a, b) .
RESULTS AND DISCUSSIONS
Modelling Using Seneque/Riverstrahler Model for Present Situation
The Seneque/Riverstrahler model was firstly used determined. The results showed that respiration (270 GgCyr-1) was considerably higher than primary production (57.5 GgCyr-1). This means that the Red River is a significant source of CO2 to the atmosphere from outgassing across the water-air interface as many rivers in the World which is also noted by (Richey et al., 2002) .
This strong heterotrophic character of the Red River is due to the high allochthonous OC inputs from both point and non-point sources. Note that these results did not include CO2 outgassing from dissolved inorganic carbon from the watershed.
Exploring Scenarios
We used the model to predict future OC concentrations in the Red River system for a "business as usual" showed that OC in a tributary, the Majia, was relatively stable by strong of OC in sediments and riverbank soils whereas it was complicated and influenced by humans and surroundings for another tributary, the Tuhai (Cao et al., 2015) . Besides, this perhaps surprising result further underlines the difficulties that many developing countries are facing in terms of water quality. On the one hand, such a result can be considered as being relatively positive i.e. slightly increase in OC loads despite a large increase in population. On the other hand, it also means that water quality will not be improved in the future unless efforts are made to control diffuse sources in the basin. However, the setting up and running of such program requires extremely large investments, strong legislation, and effective education programs.
As mentioned above, with the high inputs of allochthonous OC from both point and diffuse sources, the Red
River system was a strongly heterotrophic system, which means that the Red River was a strong source of CO2 to the atmosphere. As presently documented, the scenario for 2050 of OC would show that an increase of 24% in OC concentrations for the whole Red River will occur in the future, in response to large increases in the urban populations. Therefore, it appears that this system will remain a strong source of CO2 to the atmosphere in the future.
CONCLUSION
The Seneque/Rivershtrahler model was successfully applied to a large Asian river, the Red River for describing the natural and human impact on riverine carbon transfer and emission. In the present situation, the model successfully simulated the seasonal and temporal variations and the levels of riverine carbon concentrations for all the sites observed in the Red River system. An OC riverine export of 327 GgCyr-1 for the year 2014 was calculated for the Red River at Son Tay site. This value was closed with that some Asian rivers. Due to the high allochthonous OC inputs from both point and diffuse sources, the Red River system is a strongly heterotrophic system. The 2050s scenario results showed that an increase of 24% in OC concentrations in the future will occur in response to large increases in the urban populations and that this system will remain a strong source of CO2 to the atmosphere in the future.
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